QTLs were detected in two distinctly different environments. The differences observed in BP resistance between these two environments and the implications for accelerated screening are discussed. Identified SSR markers in these regions may be useful for selecting black point resistance in related breeding materials.
Introduction
In barley, kernel colour is an important selection criteria for the malting industry.
Kernel discolouration can result in thousands of tonnes of malting barley being Prokinova, 1999) , but in Australia the dark colour is thought to be caused largely by biochemical responses (Fox et al., 2004; Williamson, 1997) . A number of proteins have been associated with BP, including a novel 75-kDa late embryogenesis protein, which was more abundant in healthy grain and a barley grain peroxidase 1 protein, which was more abundant in black pointed grain. Higher levels of protein associated with stress, disease and defence have also been observed in BP-free grain in wheat, suggesting that protection from BP may be due to increased levels of these proteins (Mak et al., 2006; March et al., 2007) .
To date, two studies have indicated potential genomic regions involved in kernel discoloration in barley (Canci et al., 2003; Li et al., 2003) . A cross between Chevron and M69 was used to identify nine quantitative trait loci (QTL) associated with kernel discolouration, one each on chromosomes 4H and 5H, two each on chromosomes 7H and 2H, and three on chromosome 6H (Canci et al., 2003) . QTLs for kernel discolouration measured by grain brightness, redness and yellowness have also been identified in seven Australian barley populations, one each on chromosomes 4H and 7H and two each on chromosomes 2H, 3H and 5H (Li et al., 2003) . To date, only one study has identified a QTL for BP resistance and this QTL was mapped on 2H in the barley population Alexis/Sloop (March et al., 2008) .
The genetic improvement in BP resistance of barley is thus complex requiring an understanding of genotype by environmental interactions and biochemical mechanisms of melanisation, as well as reliable screening tools. Given the difficulties associated with conventional phenotypic screening for BP, the use of more extreme environments (to maximise phenotypic discrimination) and the generation of reliable molecular markers for screening BP resistance would be useful tools for plant breeders.
The aim of this study was to identify QTLs linked to BP resistance in barley by using an F 2 segregating population developed between the BP resistant variety Valier and the susceptible variety Binalong. The implication of QTL results, obtained using phenotypic data from two distinct environments, is discussed.
Materials and Methods

Plant material
An 
Black point screening
Lines were scored for BP by counting the number of black pointed seeds in three 100-grain samples using the Australian Wheat Board counting tray. A mean was taken of the three sets of samples and the percent BP is calculated.
Diversity Arrays Technology (DArT)
DArT markers were produced from 184 Homozygous lines in which a DArT marker was absent (did not produce a signal) were scored as A (maternal) or B (paternal).
Single Sequence Repeat (SSR) analysis
Primer sequences of SSR markers were obtained from GrainGenes 
Results
Phenotyping
As the BRS is situated along the coast at a significantly lower elevation and latitude than the HRS, the environmental conditions at these two sites can vary considerably.
The grain-fill period from about October to December is critical for BP development. Clustering, mainly of DArT markers, was observed on all chromosomes and 70 markers were redundant. Chromosomes 1H and 4H had the least markers, 11 and 26, respectively. The total map distance was 1291 cM with an average map density of 1 marker every 5 cM.
QTL analysis
Linkage groups 1H, 6H and 7H were split up into two groups each prior to composite interval mapping (CIM), as gaps greater than 50 cM were present on these chromosomes. Redundant loci were excluded from the CIM analysis. The Permutation test indicated that a log-likelihood (LOD) score of 2.5 was significant. With the HRS04 trial data significant QTL were identified on chromosomes 2HC (QBP.VaBi-2HC), 3HL (QBP.VaBi-3HL) and 5HS (QBP.VaBi-5HS) with LOD scores 3.7, 6.5 and 3.4, respectively (Table 2 ; Fig. 2 ). The phenotypic variances explained by the QTL on 2HC, 3HL and 5HS were 8, 28 and 12%, respectively. These QTLs were contributed by the resistant parent Valier.
Validation and bulked segregant analysis
SSR markers located in the region of the 2HC (Bmag692 and EBmac640), 3HL
(Bmag13 and EBmac708) and 5HS (Bmac163 and Bmac113) QTLs were amplified on DNA of the HRS05 population and single marker regression analysis was performed.
No association between these SSR markers and black point resistance was observed in this trial. SSR markers in the regions of the putative QTL on 2HS (HVM36 and Bmag692), 4HL
(EBmac635 and EBmac788) and 5HL (GMS01 and HVM6) identified by BSA were amplified on DNA of the HRS05 trial to determine whether these QTLs can be detected with this trial data. Single marker regression analysis results indicated a significant association of black point resistance with the 5H region (LOD score of 2.7; phenotypic variance explained of 6%) and a suggestive association with the 4H region (LOD score of 1.4; phenotypic variance explained of 3%; Table 2 ). No association with the 2HS region and BP resistance was detected in this trial.
Discussion
We have identified QTL for BP resistance using an F 2 cross with Valier as the BP resistant parent and Binalong as the susceptible parent. Different lines of this population were planted in two different sites over two consecutive years. The coastal Bundaberg site (BRS) has a higher average minimum temperature, higher rainfall and slightly higher relative humidity than the Warwick site (HRS), where barley is typically grown.
Even though the Bundaberg site does not reflect the typical barley growing environment, but it was chosen for black point screening due to the environmental conditions favourable for BP development. The phenotypic data manifests these environmental differences with higher percent BP observed at the BRS site (up to 73%) compared to the HRS site (up to 41%).
A genetic linkage map was produced for the Valier/Binalong F 2 population using both In the light of these several studies, robust PCR markers closely linked to the identified QTL regions of chromosomes 2HS, 2HC, 3HL, 4HL and 5HL should be of use in selecting germplasm with improved resistance to BP in barley. As the nucleotide sequences for DArT markers become increasingly available, their conversion to PCRbased markers suitable for routine screening will assist in this endeavour. 
